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ABSTRACT Sequences of different sizes are generated when 
DNA from homoxygotts HLA-Dw/DR typing ceOs are digested 
with restriction ettdonudeasc and analyzed by hybridiz ati o n with 
a HLA-D region class 0 antigen /Wuin cDNA probe. The pat- 
tents of hybridization were highly polymorphic but one endo* 
DDdease, BamHI, defined sequences unique to aD HLA-Dw/DR 
qpeciikitiesl-3etcerrtM 

spedftcitici were resolved with the enzyme EcofU. Digestion with 
other endonucleases such as Fat 1 results in patterns of restriction 
uigweuxs cnai wiier ocrween nomozygous lyptng ecus oi ine same 
HLA-Dw/DR specificity. HLA-D region 0-chain probes permit 
HLA-D region genotyping at the DNA level and may allow de- 
tection of genes controlling die association of HLA specificities 
with a wide variety of diseases. 

Ine HLA-D region class II antigens are membrane proteins 
that are expressed on many cells involved m the immune re- 
sponse. Hie antigens are highly polymorphic and seem to de- 
termine a number of cellular immune functions (1, 2). The HLA- 
Dw/DR determinants defined by serological and mixed lym- 
phocyte culture test are associated not only with certain dis- 
eases, often of autoimmune character (3, 4), but also with char- 
acteristics of the immune response to antigens in normal 
Individuals (5-7). Present evidence suggests that class II an- 
tigens are encoded by several loci (DR, DC, SB) on the short 
arm of chromosome 6 (cf. ref. 8). The polymorphic character 
of the class II antigens resides in tiie 0 chain, whereas the a 
chain appears less heterogeneous (9-11). Restriction enyzme 
. polymorphism analysis of genomic DNA with cloned cDNA of 
class II antigen o-chain or 0-chain mRNA showed single hy- 
bridization bands with o -chain (12-14) but showed multiple bands 
with 0-cham probes (14, 15). 

In the present study we have used the HLA-D region 0-chain 
cDNA probe pDR-0-1 (11, 16) to test whether it will hybridize 
to Afferent fragments of r estiictkm endonudease-digested DNA 
prepared from established homozygous typing cells represent- * 
fag the HLA-Dw/DR specificities 1-8 and from cells wit h 
»peuiiuiics ueiiueu as sr* anu un \n /. 




I* 



MATERIALS AND METHODS 

Homozygous Typing Cells. The lymphocytes used to define 
HLA-Dw types in the mixed lymphocyte reaction have been 
described in detail elsewhere (17): Lou, Mette, and Maja detect 
HLA-Dwl; MST, Ruth, and BA, HLA-Dw2; LK, LN, and LB, 
HLA-Dw3; BB and Lelf, HLA-Dw4: Raff, HLA-Dw5; Arent 
and GP, HLA-Dw6; SL, CS, and CM, HLA-Dw7; and Mad, 
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HLA-DwS. AO of these cells are also homozygo u s for the cor- 
responding DR antigens, except for DR6 because moriospedfsc 
DR6 antJsera are not yet available (17). In addition, lympho- 
cytes from two donors defining the specificities DH (17) and 
SN (18) were also tested. AD cells were stored fn liquid nitrogen 
and have been used In routine HLA-D typing for many years, 
DNA Digestion and Binding to Filters. DNA (-50 fig) was 
Isolated from 5 x \(f homozygous typing cells by previously 
described methods (19). DNA samples (*5 fig) were digested 
for 15-20 hr in a final volume of 100 pi with 27 untts of EooRI, 
24 units of BtfmHl, or 12 units of Pit I according to the man- 
ufacturer's (Boehrmger Mannheim) specifications, Ine result* - 
ing DNA fragments were s ep ar ated by gel electrophoresis on 
1% agarose slab gels and transferred (20) to nitrocellulose filters 
(Schleicher & Schuell). Fragments of H mdin-dfgested A DNA 
(Bethesda Research Laboratories) were used as molecular size 
markers. 

Hybridization Probe. Hie probe for hybridization was do ' 
rived from the recombinant plasmid pDR-0-1, which contains '. 
DNA sequences complementary to a class H antigen 0-chain ] ||| 
mRNA (11, 16), the sequence of which demonstrates homology ; 
to the mouse 1-A class II antigens and is tentatively thought to 
represent a H LA-DC /» chain (11). The pDR-0-1 cDNA was ; t§ 
digested with Psf 1 and Pvu U and two fragments representing 
nucleotides 1-790 of the done (14) were isolated by agarose gel : 
electrophoresis, followed by elcctioelutJon into dialysis tubing. 
These restriction fragments c or res po nd to most of the coding " 
region and some 3' non translated sequences and do not contain 
naturally occurring £coRI, BomHI, or Par I restriction sites (11, 
16). The fragments were labeled with (*P]dCTP (New England 
Nuclear) to specific activities of m \(r cpm/pg by nkk-trans- 
latkm (21). . 

Hybridization and Washing of Filters. Before hybridization, 
nitrocellulose filters were first treated for 7-12 hr at 42TC in 
50% forrnamide containing 0.75 M NaCI, 75 mM trisodium ci* 
trate, 50 mM sodium phosphate buffer (pH 6.5), 500 #cg of son- i 1 

. . t t • « » ♦ ■ I I — **-"*^ -— I* " * T-ll r I 

ml, and 5x concen trared Denhardt's reagent (22). Filters were 1 i 
then placed in 50% formamide/0.75 M NaCI/75 mM trisodhtm i , 
citrate/20 mM sodium phosphate buffer, pH 6.5/200 jig of i 
sonicated denatured herring sperm DNA per ml/Denharat's .< 
reagent in odditfem to 10% (wt/vol) sodium dextran sulfate 500 < 
(Pharmacia) (23) and "P-labeled heat-denatured probe (5 X 10 s 
cpm/ml). After 15-24 hr at 42°C filters were washed three times : 
at room temperature with 0.3 M NaCI/30 mM trisodium c* ■ 
trate/0. 1% NaDodS0 4 for 10 mm each, followed by 'three ad* 
dirional washes at 50°C for 20 min each with 15 mM NaO/1.5 
mM trisodium dtrate/0.1% NaDodS0 4 . Labeled DNA se>^ 

- — Jim 

AVibreviatJon: kb, kuobase<s). d m 
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Flo. 1. Autoradiogrem of blot hybridisation analysis of homoz yg o us HLA-Dw typing cells with the HLA-DR fi probe. Lanea 1*10 w< 

wiuBomH? am! lanes 1 1-17, wUhEttRLTto^ 

lane 6, OP; lane 7, GM; lane 8, Mad; lane 9, Hertuf; lane 10, SN; lane 11, 13; lane 12, Leif; lam 13, tmxtureof LN and BBeeQa;laa» M,LK;te» 
15, Raff; lane 16, Mad; and lane 17, HerluH 



quences were detected by exposing the filters to x-ray film (XAR- 
5, Kodak) for 3-7 days at -7(fC in the presence of an inten- 
sifying screen (DuPont). \ 

RESULTS 

EcoRI and BrnnHI Restriction in HLA-Dw Homozygous 
Typing Cells. DNA isolated from each homozygous typing cell 
was digested with EcoRI and BamHl. The 0-chain cDNA probe 
hybridized to 10 EcoRI-cleaved DNA fragme ;ts of approxi- 
mately 2.2, 3.5, 3.8, 3.9. 4.0. 6.5. 9.0, 11.0. 13.0. and 20.0 kj- 
lobases (kb) (Fig. 1 Right) and to 12 BomHI (Fig. 1 Left) se- 
quences of 3.2, 3.4. 3.7, 4.0. 4.3, 5.0, 5.8, 6.2, 7.0, 8.0, 10.0, 
and 12.0 kb. Only the 11.0- and 6.5-kb EcoRI sequences and 
10.0", 8.0-, and 5.0-kb BamHl sequences were present in all 
typing cells. All other sequences were variable, being present 
in some but not all typing cells. These sequerces are sum- 
marized in Table 1 for flam HI and in Table 2 for EcoRI. For 
example, Mette (Fig. 1, lane 1) had BamHl sequences of 6.2 
and 3.4 kb, which were absent in Ruth (Fig. 1, lane 2), whereas 
Ruth had BamHl sequences of 7.0, 4.3, and 3.2 kb that were 
absent in Mette. likewise, with EcoRI-deaved DNA, Mette 



had a sequence of 13.0 kb that was absent in Roth, wlieieas 
Ruth had 9.0- and 2.2-kb sequences thai were absent m Mette 
(Table 2). The specific EcoRI and BamHl tes ti fc U on sequel 

■■—ill. hi ■ il * » f. - . .iffy. » « . _i- ^« ,„| ■ 

nius proouceo a atsnnct penern forcaiKiejii inuiviattais. tugpx 
and seven different band pattet us were bVtected by using BamHl 
(Table 1) and EcoRI (Table 2). respective^ The B«nHI digest 
revealed that all Dw/DR spcdiidtJes were different, except 
between Dw/DR2and6aswenasbetweenDw/DR4andSN 
(Table 1). The EcoRI digest revealed identical fragments only 
in the Dw/DR4, 7. and SN ceDsasweDasinDw/DR3andDH 
(Table 2). However, all HLA-Dw/DRspedrfeities could be re- 
solved in the combined EcoRI and BamHl analysis* with the 
exception of SN. In addition, neither EcoRI nor BaaiHI could 
resolve the different homozygous typmgcefls of the same HIA-; 
Dw/DR type— i.e., Lou. Mette, and Maja afl had the s 
restriction map. v 

HIA-D/DR-lfe DNA Nymphta Wftfc Other Be* 
Son Eodonucstescs. Because neither EcoRI nor BamHl could 
resolve homozygo u s typing cefls of the same HLA-Dw/DR type, 
it was of interest to determine if other restriction endc 
deases could further resolve common H LA-Dw/DR types into 
aiiierenc resencuon maps. unii. rroro wuiozyssjus cypugceus 



Table 1. BamHl restriction sequences in homoaygoua typing eeRa 



TVping cell 



hlonuxrygous 
fbrDw 



12 7.0 &2 6.8 4.3 4.0 37 3.4 3.2 



Lou, Mette, Maja 


1 


♦ 




+ ♦ 


MST, Ruth, BA, Arent, OP 


2.6 








LK.LN, LB 


3 








BB, Leif.SN 


4.SN 


♦ +♦ 




♦ 


Raff 


5 




♦ 


♦ — + 


8L.03.0M 


7 




♦ 




Mad 


8 


4 


♦ 




Hertuf 


H 






+ * 



■ S3 



Sequences of 10.0, 8.0. and 5.0 kb were present in ail cells and are not listed. 
*8trong hybridisation signal 
* Weak hybridixation signal. 
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Tablt 2. ficoRl restriction aequencea in homozygous typing celli 



■H 



|: 
1 



i 

1! 



Taping cell 



Homozygous for — 
HLA-Dw 20 



EcM sequence, kb 



13 9.0 find 22 4.0 and 3.8* 3.9 3.5 



Loa,Mttta,Maja 


1 


+ 








MST, Ruth, BA 


2 




+ 




+ + 


LK, LN, LB, Herluf 


3.H 


+ 






+ 


BB,Leif,8UGS,GM,SN 


4.7.SN 


+ 




+ 




Raff 


-6 


+ 


+ 




+ 


Arat,GP 


6 




+ 




+ 


Mad 


8 










Sequences of 11.0 and 6.6 kb were present in all cells and are not listed. 
•Weak hybridization signal 



Arent, CP, BB, Leif, and SN were digested with the restriction 
endonucleases Pst I, Bgl I, Pvu U t tftofl, or HtndlH, respec- 
tively. The restriction sequences generated from the Pst 1 di- 
gest revealed the greatest degree of polymorphism (data not 
shown). Subsequently, DNA from the remaining homozygous 
typing cells were digested with Pat I (Fig. 2). Although the 
homozygous typing cells of identical HLA-D types could not be 
resolved with EcoRI or BamHI, many were resolved with Pst 

1 (Fig. 2 and Table 3). For example, LB had an 18-kb sequence 
that was absent in LK and LN; all of these three cells were 
homozygous for Dw3 (Fig. 2). In addition, Pst I digestion re- 
solved BB, Leif, and SN into different restriction maps (Fig. 

2 and Table 3). Only in the three HLA-Dw/DR-2 cells was ad- 
ditional resolution not obtained (Table 3). 

DISCUSSION 

The use of the pDR-0-1 cDNA (1 1, 16) to probe restriction en- 
zyme-digested DNA from homozygous typing cells provides 
evidence that the fragment polymorphism is associated with 
HLA-DR genotypes, as determined by serological methods. 
However, the present /J-chain cDNA probe was isolated from 
a cDNA clone separate from the HLA-DR 0-chaln locus (11, 
16, 24). It does not correspond to the I-E/C region, t**e murine 
counterpart to human HLA-DR, but.%"4**¥?'r to the human 



Pst I 



kb 

— 18 

— 10 

f 6 .3 

— 6.0 

^ 4.9 

— 4.0 



equivalent of the murine I-A 0-chain locus (16, 24). Previous 
hybridization analyses with various' 0-chain probes (14) showed 
restriction enzyme patterns of human DNA that suggested the 
presence of at least three distinct 0-chain genes or pseudo- 
genes. This is in contrast to similar analyses with cDNA probes 
for the HLA-D region a chain, which have shown only a single 
component (12-14). It is notable that the complexity of restrict ; 
tion fragments detected with the 0-chain probe is considerably 
smaller than with probes for class I transplantation antigens (25). 

Our homozygous tissue typing cells are used as stimulator 
cells in the mixed lymphocyte culture to define HLA-D de- 
terminants (17) and several of them have been included in var- 
ious international histocompatibility workshops (8, 17), which 
also have proven their reliability as typing reagents. Therefore, 
it is remarkable that digestion with BamHI resulted in patterns 
of restriction fragments that were unique to nearly each of the 
HLA-Dw/DR types defined by these cells, the only exceptions 
being Dw2 and Dw6. Digestion with EcoRI permits these two 
specificities to be distinguished. Thus, the BamHI and EcoRI 
sequences detected are likely to be closely linked to the HLA- 
Dw/DR specificities. On the other hand, the results with Pst 
I suggest that our probe detects heterozygo s ity within die HLAv 
D region. Therefore, it is possible that the homozygous typing 
cells are not homozygous for all HLA-D 0-chain loci or that re- 
striction sites, located in pseudogenes, or intervening or flank- 
ing sequences are detected. The results obtained with the SN 
cell are particularly interesting because this cell is DR 4/4 
homozygous, but Dw4-negative. However, in the mixed lym- 
phocyte culture test it types for a determinant characteristic of 
most DR4-positive, Dw4-negative individuals. The BamHI and 
EcoRI patterns group this cell together with the Dw/DR4 cells 
and, although the Pst I pattern of SN is unique, it has strong 
resemblance to the Dw4 cells. Therefore, it is possible that these 
similarities at the DNA level may reflect serological crossreac- 
trvity between SN and Dw4 at the protein level. 

Our results demonstrate that the pDR-0-1 cDNA probe is 
able to define HLA-Dw/DR types normally detected by either 
serological or cell culture techniques. However, thiscDNA probe 



0 



n|ipcai » iu uiaveu uuuiuuiuu uuiymurpnism not aetected oy tne 
latter methods. Further studies with the present and other 0- 
chain probes (14, 15) may make it possible to identify subtypes 
of the serologically defined HLA-DR types and to test whetfier 
fragments generated with endonucleases are related to the well* 
known association of tissue types with susceptibility of dis- 
eases. 




1; 



1 2 3 4 6 6 

Fw. 2. Autoradiogram of blot hybridization analysis of homozy- 
gous HLA-Dw typing cell DNA digested with Pst I. Lane 1 (LK), lane 
201I\ai)dlu»3(LB)ai*ru^.^ 
Dw4; and lana 6 <8N) is HLA-Dw SN. 
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Table 3. Pst I restriction sequences in homosygoua typing cells 



v HLA-D 


Workshop 


Trains? 
cells 


HLA-ABC 


16 


- Dwl 




Lou 


A3;Bw35$w4 








Motto 


A2£;B5,18 








Msja 


A2£;Bw35£w4 


+ 


Dw2 


8wll7 


MOT 


A3;B7 


♦ 






Roth 




+ 






BA 


A3;B7 


+ 


UWS 




LK 


A1;B8 






8wl25 


LN 


A1;B8 








LB 


A138 


♦ 


Dw4 


8wl35 


Loif 


A2£15;Cw3 


+ 






BB 


A2£15;Cw3 


+ 


Dw6 




Raff* 


Al;Bw35;Cw4 


■f 


Dw6 


6wl52 


Arent 


A2$w3&39 


+ 






OP 


A3;Aw32$w38 


+ 


Dw7 




SL 


A2£8;B44 






8wl60 


GM* 


A2*B44 








OS 


A3,U;B7,44 




SN 




SN 


A3;B27;ftr2 




DH 


8w319 


Herfuf 


A2$w35,44;Cw4 v 5 


+ 


Dw8 


8w204 


Mad* 


A2#40£w3 





Restriction; fragment length, kh 



10 



63 &3 6.0 5.4 5.1 19 44) 



+ 
+ 



+ * 
+ ; 

+ : 



+ 
+ 
+ 



♦ 
+ 
+ 



+ 
+ 



NT 



+ 
+ 
+ 



+ 
+ 
+ 



+ 
+ 
+ 



+ 
+ 



♦ ! 

;! 

+ 



♦ 



A number of restriction sequences smaller thin 4.0 kb wore promt in aD calls and are not lifted. NT, not tooted. 
•The Eighth Histocompatibility Workshop designation (8). 
* First cousin offsprings. 
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